The economic impact of community-associated methicillin-resistant Staphylococcus aureus (CA-MRSA) remains unclear. We developed an economic simulation model to quantify the costs associated with CA-MRSA infection from the societal and third-party payer perspectives. A single CA-MRSA case costs third-party payers $2,277 -$3,200 and society $7,070 -$20,489, depending on patient age. In the United States (US), CA-MRSA imposes an annual burden of $478 million -2.2 billion on third-party payers and $1.4 billion -13.8 billion on society, depending on the CA-MRSA definitions and incidences. The US jail system and Army may be experiencing annual total costs of $7 -11 million ($6 -10 million direct medical costs) and $15 -36 million ($14 -32 million), respectively. Hospitalization rates and mortality are important cost drivers. CA-MRSA confers a substantial economic burden to third-party payers and society, with CA-MRSA-attributable productivity losses being major contributors to the total societal economic burden. Although decreasing transmission and infection incidence would decrease costs, even if transmission were to continue at present levels, early identification and appropriate treatment of CA-MRSA infections before they progress could save considerable costs.
INTRODUCTION
Studies have suggested that community-associated methicillin-resistant Staphylococcus aureus (CA-MRSA, i.e., MRSA colonization and infection not associated with healthcare settings) is a substantial public health problem [1] [2] . CA-MRSA strains are common causes of skin and soft tissue infections (SSTIs) in the United States (US) [3] [4] with reported outbreaks in many diverse settings and populations including prisoners, military recruits, and athletes [5] [6] . CA-MRSA strains have become endemic [7] [8] ; predominantly causing SSTIs but also necrotizing pneumonia and invasive syndromes such as necrotizing fasciitis, osteomyelitis, septic thrombophlebitis, bacteremia, and severe sepsis [6] . While studies have shown increases in CA-MRSA infection incidence among veterans [9] and CA-MRSA SSTI incidence [10] , its overall incidence in the US has not been clearly delineated. Although the Centers for Disease Control and Prevention (CDC) has initiated CA-MRSA public awareness campaigns, [11] there is a dearth of documented community-level efforts to curb transmission.
An extensive literature search for economic studies on CA-MRSA yielded only two: one quantifying the cost impact of an epidemic on Driscoll Children's health plan [12] and another focusing on just pneumonia patients. [13] Until CA-MRSA's overall economic burden is better quantified, it may be difficult for decision makers to determine where CA-MRSA should fall on public health, medical, and scientific priority lists. Without an estimate of the costs associated with CA-MRSA infections, many questions remain. For example, how much should policy makers invest in prevention, education, and control? Should insurance companies focus efforts and reimbursement policies for prevention and control? How much should be invested in developing new diagnostic, prevention, and treatment interventions? Therefore, we developed an economic computational model to quantify the costs associated with CA-MRSA infection from third-party payer and societal perspectives. Figure 1 outlines the structure of our economic simulation model developed in TreeAge Pro 2009 (Williamstown, MA) to determine the costs associated with a CA-MRSA infection from third-party payer and societal perspectives. Table 1 displays the model inputs. To obtain these values, we conducted an extensive Medline search using key words ("Methicillin-Resistant Staphylococcus aureus", "Staphylococcus aureus", "Methicillin Resistance", "Community-Acquired Infections", and "CA-MRSA") to identify studies and excluded those conducted outside the US or among immuno-compromised populations. Our study used the CDC epidemiologic definition of CA-MRSA to determine each infection type probability. An infection was considered CA-MRSA if the culture was obtained during an outpatient visit or within 48 hours of hospital admission. Also within the past year, the patient must have not been admitted to a hospital, nursing home, or any other long-term care facility and did not have hemodialysis or surgery. Furthermore an indwelling catheter or a percutaneous device must not have been in place at the time of culture [6] .
METHODS

Model Structure
Every individual entering the model had a CA-MRSA infection, having one of three major clinical categories (approximately 90% of all types): SSTI (non-purulent cellulitis, impetigo, folliculitis, uncomplicated purulent cellulitis, or complicated SSTI), pneumonia, or other invasive infection (infection of a normally sterile body site, mostly bacteremia). Some SSTIs sought medical care and those who did not relied on self-medication with over-the-counter Neosporin™ (neomycin, polymyxin B sulfate and bacitracin) ointment. SSTIs patients who sought care were treated in an outpatient clinic, emergency room (ER), or hospital. All patients with pneumonia or other invasive infection required hospitalization. When probabilities did not sum to one, a Dirchilet distribution was used to normalize the probabilities.
The Infectious Diseases Society of America (IDSA) guidelines and expert opinion guided the treatment regimen for each syndrome [14] :
• Non-purulent cellulitis (outpatient): 5-10 day course of trimethoprimsulfamethoxazole (TMP-SMX)
• Impetigo (outpatient): 2% topical mupirocin ointment twice a day for approximately 2 weeks
• Folliculitis (outpatient): warm-water packs/presses (no cost)
• Uncomplicated purulent cellulitis (outpatient): incision and drainage (I&D) with or without TMP-SMX
• Complicated SSTI (hospitalized): intravenous (IV) vancomycin (dosed by age and weight), switched to a 5-10 day course of TMP-SMX one day prior to discharge; almost all required I&D
• Pneumonia: IV vancomycin during hospitalization, switched to TMP-SMX one day prior to discharge for a total therapy duration of 1-3 weeks
• Other invasive infections: IV vancomycin during hospitalization with 2-3 weeks subsequent home health nursing with IV vancomycin administration; pediatric patients could receive an echocardiogram Selected regimens were conservative (least expensive) and do not represent all possible regimens recommended by IDSA Guidelines or used in practice.
The third-party payer perspective included only direct medical costs (i.e., outpatient/ER visit, hospitalization, and treatment costs), while the societal perspective included both direct and indirect (i.e., productivity losses due to work absenteeism from healthcare visits and hospitalization for individuals or caregivers if patient ≤18 years, and mortality) costs. Median hourly and annual wages for all occupations served as proxies for productivity losses. Work absenteeism was calculated for 4 hours missed for an outpatient visit and 8 hours per day for the duration of hospitalization (Table 1 ). Death resulted in the net present value of lost wages for the remainder of the person's life expectancy based on his/her age [15] . A 3% discount rate adjusted all costs to 2011 US$.
Each simulation fixed a patient's age sending 1,000 patients with CA-MRSA infections through the model 1,000 times (1,000,000 total trials). Subsequent simulations systematically varied patient age (range: <1 to 85 years).
Study Populations
Simulations determined the cost of a single CA-MRSA infection and an SSTI infection for different patient ages. Multiplying by the number of cases nationally, these costs-per-case were extrapolated to the annual national burden. Annual US cases estimates came from three studies. Study 1 estimated 94,360 invasive MRSA cases, categorizing 13.7% as communityassociated using CDC criteria [16] . Assuming 6.25% of all CA-MRSA infections are invasive [17] , there would be 206,837 CA-MRSA infections per year. Study 2 reported an annual incidence of community-onset MRSA infections (i.e., occurring among persons not hospitalized in the prior year) of 243 per 100,000 [18] . Extending nationwide resulted in 720,277 CA-MRSA cases per year. Study 3 reported an incidence of 521 CA-MRSA SSTIs per 100,000 in Chicago (presented at IDSA 2011 annual meeting) [19] , which would translate to an estimated 667.9 per 100,000 for all CA-MRSA infections, resulting in 1,979,869 cases, of which 1,544,298 would be SSTIs. The number of pediatric cases among the estimates was determined using data reporting 36.4% [20] and 10.1% [21] of CA-MRSA cases as <18 years old. These estimates were used to determine a range of costs. Study 1 represents the lower estimate, as they used the CDC definition, and Study 3 represents the upper estimate, as they used a 48-hour criterion to define CA-MRSA cases. As SSTIs represent approximately 75% [22] of infections, we determined its burden separately using estimates from Study 3 and Study 4, which reported 164.2 per 100,000 CA-MRSA SSTIs [10] .
A similar approach estimated the annual burden for two particularly high-risk subpopulations: jail (prevalence: 4.5 -79.7% [23] ) and military populations (prevalence: ≤5% [24] ). David et al. evaluated SSTI incidence and etiology among detainees at Cook County Jail; reporting 15.84 MRSA SSTIs per 1,000 detainee-years (mean age: 33 years) with a census of 10,000 detainees at a given time [25] . An army installation study estimated 35 CA-MRSA SSTI cases per 1,000 soldiers (mean age: 22 years) [24] . These incidence estimates multiplied with cost-per-SSTI-case determined the annual economic burden in these sub-populations.
Sensitivity Analyses
One-way sensitivity analyses systematically varied key parameters one at a time throughout their ranges ( Table 1 ). Monte Carlo probabilistic sensitivity analysis simultaneously varied all parameters throughout their ranges. Table 2 shows the median and 95% range of the total direct medical costs of a CA-MRSA case from our simulations. Varying the SSTI care-seeking probability (10% -40%) altered this cost in most cases by <$300 (e.g., median $2,698 with a 10% care-seeking probability and $2,938 with a 40% probability for a 20-year-old). With relatively modest outpatient costs-per-case (median <$100), hospitalization was the primary cost-driver.
RESULTS
Cost to Third-party Payers
Cost to Society
As Table 2 shows, societal costs were four-to-seven times higher than third-party costs, as the vast majority came from productivity losses, i.e., individuals or caregivers missing work plus lost productivity from infection-related deaths. Again, medical care-seeking probability did not have a substantial impact (increasing by ≤$500). A given child not surviving has higher productivity losses than an adult; however we observe greater productivity losses for adults due to higher mortality rates.
Costs of a CA-MRSA SSTI
At baseline hospitalization values (5.7% for ≥18 years, 25% for <18 years), SSTI costs ranged from $202 (<1 year old) to $326 (65 years) for society and $168 (<1 year old) to $292 (65 years) for third-party payers. Figure 2A shows how SSTI costs (societal perspective) trend with age and hospitalization rate. Approximately 85% -90% of SSTI costs are direct medical costs. SSTI costs vary by age, largely attributable to adults' higher mortality. Hospitalization rate was a much stronger cost-driver among adults than children (e.g., increasing from 5% to 45% only increased societal costs by $261 for a one-year-old, but increased costs by $490 for a 65-year-old). Figure 2B shows the SSTI cost trend with hospitalization rate and care-seeking probability for a 23-year-old. The median cost-per-case when 40% of patients seek care ($370) was almost four times higher than when 10% sought care ($97). The cost more than doubled when hospitalization increased from 5% to 45%. Table 3 shows the estimated annual total US and sub-population burdens for all CA-MRSA infections and SSTIs. CA-MRSA yielded average annual US costs ≥$560 million to thirdparty payers. High productivity losses meant societal costs substantially exceeded thirdparty costs (≥$2.7 billion).
Annual Burden
The estimated annual societal cost to Cook County Jail was $140,265 (65% of outpatient purulent cellulitis cases required I&D) and $146,525 when 85% required I&D; annual direct medical costs ranged from $124,338 to $130,659 (results not shown). Table 3 provides cost estimates for various CA-MRSA incidence rates in jails around the country (748,728 inmates in 2009-2010 [26] ).
Estimated annual societal costs to an army installation [24] ranged from $834,848 (65% of outpatient purulent cellulitis cases required I&D) to $874,797 (85% required I&D), with annual direct medical costs ranging from $737,618 to $780,354 (results not shown). Table 3 shows the annual costs for all US Army installations.
DISCUSSION
Our study suggests that CA-MRSA confers a substantial economic burden, greater than many other acute infectious diseases that have garnered the attention of policy makers, scientists, and manufacturers. For example, the cost per CA-MRSA infection ($7,070 -$20,489) is two-to-five times that of an influenza case ($3,000 -$4,000 [27] ), three-to-ten times that of foodborne illness (approximately $1,851 [28] ) or pertussis ($1,952 per case [29] ), and over 17 times that of Lyme Disease ($397 -$923 [30] ). Moreover, since the incidence of some of these diseases is relatively low (e.g., pertussis and Lyme disease), the annual economic burden of CA-MRSA infections is much higher in comparison, approximately 2 to 13 times higher than pertussis' (among adults and adolescents) and 8 to 17 times higher than Lyme disease's. These numbers help justify investment in effective CA-MRSA prevention and control and imply that even minimal investment could generate favorable returns for policy makers, military, and US jail systems. Our results can also help guide funders and manufacturers in establishing priorities.
Our results show that CA-MRSA may have hidden costs that may be missed by certain estimation methods. Since direct medical costs are only a minority (approximately 25%) of the total cost for all CA-MRSA infections, many hospital and insurance databases may not capture productivity losses, thus, greatly underestimating costs. Additionally, a substantial proportion of costs come from the small fraction of deaths. Therefore, focusing on the majority of cases that carry relatively low costs (e.g., over-the-counter medications, clinic visit, course of antibiotics, and perhaps a half-day of lost productivity) overlooks the impact of complicated cases that rapidly accrue costs. Appropriate measures could prevent the bulk of CA-MRSA-associated costs. Reducing transmission and infection incidence would decrease costs. Even if infection incidence were to remain at present levels, early identification and proper treatment of infections before they progress could spare considerable costs.
Therefore, research and policy development could best proceed concurrently in two directions: (1) developing and implementing measures to reduce transmission and (2) identifying and treating uncomplicated infections early to ensure they do not become invasive. These require a better understanding of CA-MRSA transmission dynamics and involve determining who may be at increased risk for disease progression and more complicated infections. Studies have suggested that crowded environments, lack of hygienic conditions, sharing contaminated objects (e.g., towels), and compromised skin integrity lead to increased transmission [31] . Additionally, individuals with compromised immune systems, prior antibiotic use, or other co-morbidities may be at higher risk [6, 32] . However, much remains unknown. Additionally, considerable variability remains in antimicrobial management [14, 33] ; evolving resistance patterns may further alter the therapeutic landscape. Considerable debate remains over the definitions and incidence of CA-MRSA infections. CA-MRSA infection criteria have varied in the literature, from narrower epidemiological criteria of the CDC definition to broader criteria, such as the 48-hour criterion, which classifies CA-MRSA infections diagnosed among inpatients cultured within 48 hours of admission to a hospital and all outpatients, with the broader definition leading to a higher estimated incidence [20] . Since our study demonstrates that annual US burden is rather sensitive to such definitions, future studies should clearly state the definition criteria used. Despite the variability in costs, our study offers the general magnitude of the problem, i.e., it at least cost several billion dollars, perhaps much more, to society and at least half a billion to third-party payers. Getting a consensus definition of CA-MRSA and obtaining better infection incidence data would further hone this cost estimate. Endeavoring to be conservative (e.g., using the least expensive treatment options and the CDC definition) likely underestimates CA-MRSA's economic burden. Also, our productivity loss calculations assumed a 40 hour work week, missed work only during outpatient visits or hospitalization, and did not experience decreased productivity while recovering. Our model did not account for all possible procedures (e.g., pleural drainage and video assisted thoracoscopic surgery) and permanent disability (e.g., amputation) that may result from severe infections. Our model did not include infection control interventions for CA-MRSA carriers or in-hospital transmission, or their associated costs.
Limitations
Conclusions
The considerable economic burden of CA-MRSA infections may justify further investment in prevention and control. Much of the overall burden stems from productivity losses. A substantial proportion comes from a minority of cases resulting in death. Although decreasing transmission and infection incidence would decrease costs, early identification and appropriate treatment of infections before they progress could save considerable costs. Therefore, research and policy development may involve developing and implementing measures to reduce transmission, identify infections early, and prevent minor infections from progressing. Although decision makers may have been aware of some of these issues, quantifying their general magnitude could help motivate, plan for, and guide investment in relevant interventions and overcome the current general dearth of community-level interventions.
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